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经济地位的皱纹盘鲍（Haliotis discus hannai lno）为研究对象，以细基江蓠繁枝
变体（Gracilaria tenuistipitata var. liui）为饵料，进行 8 周的水相和食物相 Cu 和
Zn 的暴露，通过分析 CI 值、金属累积、亚细胞分布以及金属硫蛋白（MT）浓
度等指标的变化，研究皱纹盘鲍对水相和食物相 Cu 和 Zn 的生物累积及其响应，





量的变化表明，皱纹盘鲍对 Cu 和 Zn 的累积特征明显不同。在本实验条件下，
皱纹盘鲍对 Cu 呈现逐步累积趋势，对 Zn 则快速累积而后迅速下降。同时，皱
纹盘鲍内脏和肌肉中 Cu、Zn 的来源也不相同。肌肉中的 Cu 主要来源于水相暴
露，水相和食物相暴露同为内脏 Cu 的重要来源；与 Cu 不同，水相和食物相暴
露均为内脏和肌肉 Zn 的重要来源。此外，内脏是 Zn 的主要贮存库，而肌肉和
内脏均为 Cu 的重要贮存部位。 





也显著上升。与 Cu 不同，暴露前后，各实验组皱纹盘鲍内脏和肌肉 Zn 的亚细

















（3）在本研究中，金属 Cu 和 Zn 的暴露都不同程度诱导皱纹盘鲍组织内金
属硫蛋白（MT）的合成，且内脏中 MT 的浓度明显高于肌肉。相关性分析表明，
皱纹盘鲍内脏和肌肉的 Cu 含量与其 MT 浓度呈显著正相关。 
（4）水相和食物相暴露前后组织内 Cu 和 Zn 的含量、亚细胞分布以及 MT
含量的变化特征显示，皱纹盘鲍对金属 Cu 和 Zn 具有不同的解毒机制。皱纹盘
鲍对金属 Cu 的主要解毒机制就是将体内过多的 Cu 转移并累积在生物解毒组分
BDM（MTLP+MRG）中，与 Cu 不同，皱纹盘鲍对金属 Zn 的主要解毒机制是将












































Bioaccumulation and toxic effects on marine biological has become an important 
research direction in recent years. In the present research, we exposed Haliotis discus 
hanna, an important aquiculture abalone, to waterborne and dietary Cu and Zn for 
eight weeks, using Gracilaria tenuistipitata var. liui with different Cu and Zn contents 
as diet. Using the condition index, metal accumulation, subcellular distribution and 
concentration of metallothionein, we studied the accumulation mode, the relative 
importance of waterborne and dietary exposure and the possible detoxification 
pathways and toxicity mechanisms of Haliotis discus hanna. This research can also 
provide a reliable reference for abalone healthy farming and the environmental risk 
assessment to marine food. 
The main results are as follows: 
(1) During eight weeks of waterborne and dietary exposure, the changes of 
concentration of Cu and Zn in viscera, muscle and tissue (total) indicated that the 
accumulative characteristics of Cu and Zn in Haliotis discus hannai were significantly 
different. Under our experimental conditions, Haliotis discus hannai show a gradual 
trend of accumulating Cu. But for Zn, after a rapid accumulation, it was quickly 
declined. Meanwhile, the sources of Cu and Zn in abalone viscera and muscle were 
different. Cu in muscle come mainly from the waterborne exposure, while both 
waterborne and dietary exposure were important sources of Cu in viscera. Different 
from Cu, both waterborne and dietary exposure were important sources of Zn in 
viscera and muscle. Besides, the viscera of abalone is the main part for accumulating 
Zn. But both muscle and viscera of abalone were important repository of Cu. 
(2) After 8 weeks of waterborne or dietary exposure, Cu subcellular components 
in abalone were redistributed. At the beginning of exposure, Organelles were the main 
storage sites for Cu in the muscle and viscera of abalone. After exposure, the content 
of MTLP in viscera rapidly increased and replaced the cellular debris as the main 















content of MRG in waterborne and high dietary Cu treatments also significantly 
increased. Obviously not the same as with Cu, there was no significantly change in 
subcellular distribution of Zn in the abalone before and after exposure. Cellular debris 
and MTLP were the main storage sites in the viscera, and Zn were mainly stored in 
the cellular debris and MRG components in muscle. 
(3) In the present study, after Cu and Zn exposure, metallothionein (MT) contents 
in muscle and viscera were induced at different levels. MT concentration in viscera 
was significantly higher than that in muscle. Correlation analysis showed that positive 
correlation was found between MT content and concentration of Cu in viscera and 
muscle. 
(4) The concentration of Cu and Zn in tissue, subcellular distribution and variation 
of MT showed that abalone (Haliotis discus hannai) had different detoxification 
mechanisms for Cu and Zn. For Cu, the main detoxification mechanism was to 
transfer the extra Cu to the biological detoxification component (BDM), which 
included MTLP and MRG. When comparing to Cu, the detoxification mechanism of 
Zn in abalone was to excrete excessive Zn. 
(5) Using the Kinetics model, BCF and TTF analyse, we found that waterborne 
and dietary exposure pathways were important ways of abalone (Haliotis discus 
hannai) in accumulating Zn in the natural environment, of which dietary phase was 
relatively more important (> 50%). However, the waterborne pathway was the main 
approach for Haliotis discus hannai in Cu accumulation. 
 
























































表 1.1  一些含有微量金属辅助因子的酶和氧化还原蛋白（引自王文雄[4]） 
Table 1.1  Contain traces of metal cofactor of enzymes and redox proteins 
金属 酶 主要功能 
铜（Cu） 质蓝体 光合作用的电子传递 
细胞色素 C 氧化酶 线粒体电子传递 
抗坏血酸氧化酶 抗坏血酸氧化/还原 
钴（Co） 维生素 B12 碳和氢转移反应 









锰和铁（Mn、Fe） 超氧化物歧化酶 氧原子氧分子和过氧化氢 
镍（Ni） 尿素酶 尿素水解 
锌（Zn） DNA/RNA 聚合酶 核酸复制和转录 
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